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The involvement of serotoninergic and noradrenergic systems 
in the compulsive gnawing in mice induced by imipramine and 

apomorp hine 
N. K. DADKAR, A. N. DOHADWALLA, B. K. BHATTACHARVA, Department of Pharmacology, 
Research Centre, Hoechst Pharmaceuticals Ltd., Muland, Bombay 400 080, India 

Antidepressant agents such as imipramine and amitriptyline alter the effect of 
apomorphine from running and licking to intense gnawing behaviour in mice, which 
has been termed as “potentiation” (Pedersen, 1967). This action was considered due 
to enhancement of dopaminergic and inhibition of cholinergic systems in the central 
nervous system (Pedersen, 1967, 1968). Imipramine has been shown to block both 
5-hydroxytryptamine (5-HT) and noradrenaline uptake at the neuronal levels (Carls- 
son, Corrodi & others, 1969). Friedman, Shopsin & others (1974) have shown that 
serotoninergic rather than adrenergic neuronal systems are involved in the anti- 
depressant effects of imipramine. These results suggest that both catecholamines 
and 5-HT may play an important role in the compulsive gnawing syndrome produced 
by apomorphine in combination with imipramine. 

The present studies were, therefore, designed to re-evaluate the importance of 
serotoninergic and adrenergic systems in the imipramine-apomorphine induced 
gnawing behaviour, by using various agents known to modify synthesis and storage 
of 5-HT and noradrenaline. 

The gnawing activity was measured in mice of either sex, 19-21 g, in groups of 6, 
in a cage with corrugated paper covering the floor (Ther & Schramm, 1962). After 
administration of the test substance intraperitoneally, apomorphine (10 mg kg-l) 
was injected subcutaneously at varying intervals. Imipramine (60 mg kg-l) was 
injected 15 min before apomorphine. The bites in the paper caused by gnawing were 
counted for 10% of the total surface and the mean and s.e. of at least 6 groups of 
animals per test compound were calculated. 
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Tlie effect of pretreatment with various pharmacological agents on the 
potentiation of apomorphine gnaw compulsion by imipramine (60 mg kg-l 
i.p.). The values in the parentheses represent the number of groups, each 
containing 6 mice. The results were compared statistically using Student’s 
2-test. 

Table 1. 

Treatment 
Dose Pretreatment * Mean %area 

(mg kg-l, i.p.) time in h gnawed rt s.e. 

Saline - - 73 5 2.0 (15) 
Methysergide 10.0 0.5 12 f 5.8 (6)*** 
PCPA 3 x 100 (3 days) last dose 20.0 39 5 4.6 (9)*** 

FLA-63 40.0 2 .o 0 (6)*** 
Haloperidol 1 .o 2.0 9 f 3.5 (9)*** 

Phenoxybenzamine 30.0 0.5 0 (6)*** 
Tetrabenazine 20.0 1 .o 5 f 1.2 (12)*** 

*** Significantly different from control, P <0.001. 
* Pretreatment time before apomorphine. Imipramine was injected 15 min before apomorphine 

(10 mg kg-I, s.c.). 

Our observations are in agreement with the previous results of Pedersen (1968), 
that imipramine in combination with apomorphine (10 mg kg-I) exhibited intense 
gnaw compulsion, while apomorphine (10 mg kg-l) alone did not show such activity. 
The results are summarized in Table 1. 

Pretreatment with the 5-HT antagonist, methysergide (10 mg kg-l) and tryptophan 
hydroxylase inhibitor, p-chlorophenylalanine (PCPA) (100 mg kg-l for 3 days), 
significantly reduced ( P  <O.OOl) the potentiation of apomorphine gnawing compul- 
sion. These results support the view that serotoninergic systems play a significant 
role in imipramine-apomorphine gnawing behaviour. 

Haloperidol (1.0 mg kg-I), a central dopamine receptor antagonist, FLA-63 [bis- 
(4-methyl-l-homopiperazinylthiocarbonyl)-disulphide] (40 mg kg-I), an inhibitor 
of dopamine-P-oxidase and phenoxybenzamine (30 mg kg-l), a central noradrenaline 
receptor antagonist were shown to reduce significantly (P <0401) the potentiation of 
apomorphine gnawing. Tetrabenazine has been shown to deplete selectively central 
noradrenaline and 5-HT stores (Quinn, Shore & Brodie, 1959; Pletscher, Brossi & 
Gey, 1962). In this study tetrabenazine (20 mg kg-l) inhibited the intensity (P 
<0.001) of apomorphine gnawing. The tyrosine hydroxylase inhibitor, a-methyl- 
tyrosine, significantly reduced potentiation of apomorphine gnawing by imipramine 
(Pedersen, 1968). 

From the evidence it would appear that in addition to the dopaminergic mechanism, 
noradrenergic and serotoninergic mechanisms play a significant role in the potentia- 
tion of apomorphine induced gnawing by imipramine. 
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